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ABSTRACT 

A s m a l l ,  chest-mounted P r e s s u r e  C o n t r o l  Un i t  ( P C U )  
p l u s  a n  u m b i l i c a l  t o  s p a c e c r a f t  sys t ems  a p p e a r s  t o  b e  t h e  op- 
timum p o r t a b l e  l i f e  s u p p o r t  s y s t e m  for a l l  e x t r a v e h i c u l a r  and 
s u i t e d  i n t r a v e h i c u l a r  a c t i v i t i e s  i n  A A P .  During t h e s e  EVA and  
I V A  o p e r a t i o n s ,  t h e  m e t a b o l i c  h e a t  g e n e r a t e d  by  t h e  a s t r o n a u t  
must b e  removed from t h e  s p a c e s u i t  by  an a c t i v e  s y s t e m .  A l l  
e x i s t i n g  h e a t  r e j e c t i o n  s o u r c e s  t h a t  a r e  small  enough t o  be 
i n c o r p o r a t e d  i n  a s e l f - c o n t a i n e d  p o r t a b l e  l i f e  s u p p o r t  s y s t e m  
depend on water e v a p o r a t i o n  o r  s u b l i m a t i o n ,  and w i l l  n o t  o p e r a t e  
i n  a p r e s s u r i z e d  envi ronment .  

A s  most I V A  i n  A A P  i s  per formed i n  a 5 p s i a  e n v i r o n -  
ment ,  t h e  l i q u i d  c o o l i n g  garment ,  which i s  i n  e f f e c t  a c o l d - p l a t e  
f o r  t h e  body,  must be  connec ted  b y  a water u m b i l i c a l  t o  a space -  
c r a f t  s y s t e m  which r e j e c t s  h e a t  t o  s p a c e .  S i n c e  an u m b i l i c a l  i s  
r e q u i r e d  for I V A  c o o l i n g ,  a h igh  p r e s s u r e  oxygen s u p p l y  l i n e  h a s  
been  added to a v o i d  r e c h a r g e  r e q u i r e m e n t s .  High p r e s s u r e  oxygen 
i s  a l ready  a v a i l a b l e  i n  t h e  AAP-2 A i r l o c k  f o r  module p r e s s u r i z a -  
t i o n  and f o r  e x p e r i m e n t s .  The P C U  r e g u l a t e s  t h i s  oxygen t o  s u i t  
p r e s s u r e ,  and v e n t s  t h e  r e t u r n .  A minimum f low r a t e  t h a t  main- 
t a i n s  C02 p a r t i a l  p r e s s u r e  i n  t h e  s u i t  a t  an a c c e p t a b l e  l e v e l  i s  
u s e d .  Vented oxygen i s  n o t  l o s t ,  as i t  r e p l e n i s h e s  t h e  c a b i n .  
Communications and b iomed ica l  d a t a  a re  t r a n s m i t t e d  t h r o u g h  an  
e l e  c t  r i  c a l  u m b i l i c a l  . 

For EVA from t h e  A i r l o c k ,  i t  i s  a s i m p l e  e x t e n s i o n  t o  
p r o v i d e  an emergency oxygen supp ly  for t h e  P C U  t o  g u a r d  a g a i n s t  
u m b i l i c a l  f a i l u r e ,  and connect  t h e  u m b i l i c a l  t o  t h e  same o u t l e t s  
p r o v i d e d  f o r  s u i t e d  I V A .  Use of  t h e  PCU and u m b i l i c a l  i s  p a r -  
t i ~ i j l a p l y  a t t p a c t i ~ ~ ~ e  i n  vier:r of t h e  demons t r a t ed  c ~ m p l e x i t y  cf 
maneuver ing  th rough  t h e  AM t r u s s e s  w h i l e  w e a r i n g  a backpack of 
t h e  A p o l l o  P o r t a b l e  L i f e  Suppor t  System (PLSS) c o n f i g u r a t i o n .  
No we igh t  p e n a l t y  i s  i n c u r r e d  w i t h  t h e  PCU open-loop v e n t i l a t i o n  
s y s t e m  b e c a u s e  of t h e  h i g h e r  f i x e d  we igh t  of  t h e  PLSS. 
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ABSTRACT - c o n t i n u e d  

For ATM EVA from t h e  LM-A, u m b i l i c a l  management i s  
more t r o u b l e s o m e  and  t h e  backpack i s  less  cumbersome t h a n  i n  
t h e  c a s e  o f  EVA from t h e  A i r l o c k .  However, u s e  o f  t h e  A p o l l o  
PLSS would r e s u l t  i n  r e s t r i c t i o n s  on t i m e  and /o r  work r a t e s  below 
t h e  d e s i g n  l e v e l s  for ATM EVA. To a v o i d  s u c h  r e s t r i c t i o n s ,  t h e  
P U S  would have  t o  b e  mod i f i ed  OF r e p l a c e d  by  t h e  n e x t  g e n e r a t i o n  
s y s t e m ,  t h e  P o r t a b l e  Env i ronmen ta l  C o n t r o l  Sys tem.  The  c o s t  o f  
e i t h e r  backpack  and  i t s  r e s e r v i c e  s y s t e m s  w i l l  p r o b a b l y  r u n  a t  
l e a s t  t h r e e  m i l l i o n  d o l l a r s  more t h a n  t h e  two m i l l i o n  d o l l a r  
c o s t  o f  t h e  u m b i l i c a l  s u p p o r t  s y s t e m  b a s e l i n e d  for t h e  LM-A. 
Besides t h e  c o s t  a d v a n t a g e ,  an umbi l ica l /PCU EVA s y s t e m  o f f e r s  
s towage  a d v a n t a g e s  and  r e d u c e s  donning  and checkou t  t i m e .  It 
r e q u i r e s  no  r e s e r v i c i n g  and ,  u n l i k e  t h e  s e l f - c o n t a i n e d  s y s t e m s ,  
p r o v i d e s  c o o l i n g  b e f o r e  t h e  c a b i n  i s  d e p r e s s u r i z e d .  Weight o f  
oxygen l o s t  rough ly  b a l a n c e s  t h e  we igh t  o f  backpack  ha rdware  
and s u p p l i e s .  

The c o n c e p t  o f  u s i n g  an u m b i l i c a l  s u p p o r t e d  by a n o t h e r  
module,  which i s  p u l l e d  th rough  t h e  LM c a b i n  t o  t he  EVA a s t r o -  
n a u t s ,  i s  n o t  a t t r a c t i v e .  It i s  d o u b t f u l  t h a t  any money c o u l d  
b e  s a v e d ,  and  o p e r a t i o n a l  problems would b e  i n c r e a s e d .  

A s y s t e m  o t h e r  t h a n  t h e  umbil ical /PCU would n o t  b e  
recommended for ATM EVA u n l e s s  t h e  o n l y  way t o  s o l v e  t h e  umbi- 
l i c a l  management problem i s  t o  e l i m i n a t e  i t .  B e f o r e  t h i s  pro-  
b l e m  i s  s o l v e d ,  i t  must  be  d e f i n e d ,  and t h e r e f o r e  i t  i s  recommen- 
ded t h a t  t h e  n e u t r a l  bouyancy t e s t  program b e g i n  a t  MSFC as soon  
as p o s s i b l e .  
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I N T R O D U C T I O N  

The  b road  d e f i n i t i o n s  of e x t r a v e h i c u l a r  a c t i v i t y  (EVA)  
and i n t r a v e h i c u l a r  a c t i v i t y  ( I V A )  a g r e e d  t o  by t h e  OMSF Ad-Hoc 
EVA Working Group are:  

EVA: A c t i v i t y  performed i n  s p a c e  by an a s t r o n a u t  
" e x t e r n a l "  t o  t h e  s p a c e  v e h i c l e .  

IVA:  A c t i v i t y  performed i n  s p a c e  by  an a s t r o n a u t  
" i n t e r n a l "  to t h e  s p a c e  v e h i c l e .  

S i n c e  t h e  ambient  environment  d u r i n g  EVA i s  a vacuum, t h e  
a s t r o n a u t  must be housed  i n  a p r e s s u r i z e d  s u i t .  There  are  
t h r e e  modes of  o p e r a t i o n  p o s s i b l e  i n  I V A :  

P r e s s u r i z e d  S u i t ,  

The a s t r o n a u t  i s  s u i t e d  and t h e  s u i t  i s  
p r e s s u r i z e d  above t h e  l o c a l  ambien t .  T h i s  
mode must b e  used  when t h e  ambient  i s  a 
vacuum ( e . g . ,  EVA p r e p a r a t i o n  i n  t h e  A i r l o c k ) ,  
and w i l l  also b e  used  d u r i n g  AAP maneuvering 
expe r imen t s  when t h e  ambient  i s  t h e  nominal  
5 p s i a .  

Vented S u i t ,  

The a s t r o n a u t  i s  s u i t e d  b u t  t h e  s u i t  p r e s s u r e  
i s  e q u a l  t o  the l o c a l  ambienti T h i s  is t h e  
nominal  AAP mode f o r  e n t e r i n g  t h e  AM/MDA 
f rom t h e  CM and t h e  OWS f o r  t h e  A M .  Ambient 
p r e s s u r e  must b e  g r e a t e r  t h a n  3 p s i a .  

S h i r t s l e e v e ,  

The a s t r o n a u t  i s  n o t  s u i t e d ,  and i s  dependent  
on t h e  a m b i e n t  envi ronment  f o r  l i f e  s u p p o r t .  
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T h i s  rev iew i s  concerned o n l y  w i t h  equipment  t h a t  
must meet t h e  l i f e  s u p p o r t  r e q u i r e m e n t s  o f  a s u i t e d  a s t r o n a u t  
d u r i n g  r e l a t i v e l y  s h o r t  p e r i o d s  of  h i g h  m e t a b o l i c  a c t i v i t y .  
Equipment f o r  t h e  s h i r t s l e e v e  mode o f  I V A ,  which i s  t h e  dominant 
mode i n  t e rms  of t i m e ,  i s  no t  c o n s i d e r e d .  E x i s t i n g  Apo l lo  
Command Module equipment ,  which s u p p o r t s  s u i t e d  a s t r o n a u t s  
d u r i n g  p e r i o d s  of  low m e t a b o l i c  a c t i v i t y ,  i s  b r i e f l y  ment ioned .  

REQUIREMENTS 

The b a s i c  l i f e  s u p p o r t  r e q u i r e m e n t s  of a n  a s t r o n a u t  i n  
a s p a c e  s u i t  are:  

1. p r e s s u r i z a t i o n  
2 .  oxygen s u p p l y  f o r  r e s p i r a t i o n  
3 .  removal  o f  carbon d i o x i d e  and o t h e r  con taminan t s  
4 .  t h e r m a l  c o n t r o l  - t e m p e r a t u r e  and humdidty.  

The m e t a b o l i c  r a t e  ( d e f i n e d  as t h e  t o t a l  ene rgy  
o u t p u t  of  t h e  man p e r  u n i t  t i m e ) ,  t o g e t h e r  w i t h  t y p e  o f  f u e l  
b e i n g  o x i d i z e d  i n  me tabo l i sm, se rve  t o  d e t e r m i n e  t h e  q u a n t i t y  
o f  oxygen used  and t h e  q u a n t i t y  o f  C O  p roduced .  The composi- 
t i o n  o f  t h e  d i e t  ( f u e l  b e i n g  o x i d i z e d ?  d e t e r m i n e s  t h e  r e s p i r a t o r y  
q u o t i e n t  (RQ), which i s  t h e  r a t i o  o f  t h e  volume of  ca rbon  d i o x i d e  
p roduced  t o  t h e  volume o f  oxygen u s e d .  It r a n g e s  from . T O 7  f o r  
a p u r e  f a t  d i e t  t o  1 . 0 0  f o r  a p u r e  c a r b o h y d r a t e  d i e t ;  an  a p p r o x i -  
mate v a l u e  f o r  t h e  mixed d i e t  of an a s t r o n a u t  i s  0 . 8 4 .  The RQ 
can  be used  t o  d e t e r m i n e  t h e  m e t a b o l i c  energy  o u t p u t  for a g i v e n  
oxygen i n p u t .  The o x i d a t i o n  of  a f u e l  t h a t  r e s u l t s  i n  an  R Q  o f  
.84  b y  one l i t e r  o f  d r y  oxygen a t  s t a n d a r d  t e m p e r a t u r e  and pres-  
s u r e  y i e l d s  4 . 8 5  k c a l  o f  ene rgy .  T h i s  i s  e q u i v a l e n t  t o  6109 .9  
BTU e n e r g y  o u t p u t  p e r  pound of oxygen consumed. The w e i g h t  of  
c a r b o n  d i o x i d e  produced  p e r  pound of  oxygen consumed i s  d e t e r -  
mined by m u l t i p l y i n g  t h e  R Q  by t h e  r a t i o  of  m o l e c u l a r  weights ,  
which y i e l d s  1 .155 a t  a n  RQ o f  0 .84 .  

Most of t h e  a s t r o n a u t ' s  energy  o u t p u t  i s  r e l eased  as 
hea t ,  as t h e  u s e f u l  e x t e r n a l  work per formed i n  a p r e s s u r i z e d  
s p a c e s u i t  i s  a ve ry  small p e r c e n t a g e  of  t h e  t o t a l  e n e r g y ,  and 
w i l l  most l i k e l y  n e v e r  exceed  5 % .  The normal  a s sumpt ion  t h a t  
t h e  t o t a l  ene rgy  o u t p u t  o f  a s u i t e d  a s t r o n a u t  i s  i n  t h e  form o f  
m e t a b o l i c  h e a t  i s  t h e r e f o r e  only s l i g h t l y  c o n s e r v a t i v e . *  Water 
v a p o r  r e l e a s e d  t o  t h e  s u i t  a tmosphere  by i n s e n s i b l e  p e r s p i r a t i o n  

* 
The ene rgy  needed f o r  i n t e r n a l  work, such  as pumping by  t h e  

h e a r t  or f l e x u r e  of  m u s c l e s ,  i s  c o n v e r t e d  t o  and l e a v e s  t h e  body 
as h e a t .  The p e r c e n t a g e  of t h e  t o t a l  energy  o u t p u t  needed  f o r  
e x t e r n a l  work on t h e  a i r  d u r i n g  r e s p i r a t i o n  i s  n e g l i g i b l e .  The 
m a j o r i t y  of t h e  e x t e r n a l  work pe r fo rmed  w h i l e  i n  a p r e s s u r i z e d  
s u i t  w i l l  b e  done on t h e  s u i t  i t s e l f  and ,because  o f  i n t e r n a l  
volume change ,  on t h e  g a s  w i t h i n  i t .  Much o f  t h i s  work w i l l  
become heat t h r o u g h  f r i c t i o n a l  l o s s e s  o f  t h e  s u i t .  
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and e v a p o r a t i o n  from t h e  lungs  i s  a s t r o n g  f u n c t i o n  o f  m e t a b o l i c  
r a t e .  The e v a p o r a t i o n  of  s e n s i b l e  p e r s p i r a t i o n  (sweat)  w i l l  a l s o  
i n c r e a s e  t h e  h u m i d i t y ,  b u t  t h e  amount o f  s w e a t i n g  w i l l  be  k e p t  
a t  c o m f o r t a b l e  l e v e l s  by an a c t i v e  c o o l i n g  s y s t e m .  

We have  s e e n  how t h e  a s t r o n a u t . ' s  m e t a b o l i c  r a t e  quan- 
t i t a t i v e l y  e f f e c t s  h i s  l i f e  s u p p o r t  r e q u i r e m e n t s .  T o  c a l c u l a t e  
t h e s e  q u a n t i t i e s ,  w e  need e s t i m a t e s  o f  t o t a l  m e t a b o l i c  ra tes  
d u r i n g  p e r i o d s  of s u i t e d  IVA and EVA. The e x p e c t e d  m e t a b o l i c  
r a t e  f o r  a r e l a x e d  a s t r o n a u t  i s  a p p r o x i m a t e l y  400 BTU/hr. Mi ld  
a c t i v i t y ,  such  as sys t ems  m o n i t o r i n g  w h i l e  s e a t e d  i n  a CM couch,  
w i l l  i n c r e a s e  t h e  m e t a b o l i c  r a t e  t o  between 500 and 600  BTU/hr. 
More s t r e n u o u s  a c t i v i t i e s ,  such as t r a n s f e r  w i t h i n  t h e  C l u s t e r  
i n  a v e n t e d  s u i t ,  w i l l  r e q u i r e  energy  a t  ra tes  between 1 0 0 0  and  
1500 BTU/hr. Very s t r e n u o u s  a c t i v i t i e s ,  s u c h  as IVA or EVA t a s k s  
i n  a p r e s s u r i z e d  s u i t  i n  z e r o - g , w i l l  r e q u i r e  peak m e t a b o l i c  r a t e s  
of  2 0 0 0  t o  3000  BTU/hr. 

A t  h i g h  m e t a b o l i c  l o a d s ,  a man can go i n t o  oxygen-debt ,  
where s t o r e d  oxygen i s  drawn from h i s  sys t em.  T h i s  oxygen w i l l  
b e  made up d u r i n g  p e r i o d s  of r e s t .  S i n c e  r e s t  p e r i o d s  are pro-  
v i d e d  d u r i n g  EVA and I V A  i n  AAP, i t  i s  assumed t h a t  t h e r e  i s  no 
n e t  l o s s  o f  s t o r e d  oxygen over  t h e  whole a c t i v i t y  p e r i o d .  The 
r e q u i r e m e n t s  v s .  c a p a b i l i t y  problems a re  worked as s t e a d y  s t a t e  
problems,  u s i n g  on ly  a r e s p i r a t o r y  q u o t i e n t  of 0 . 8 4  and t h e  
a v e r a g e  m e t a b o l i c  r a t e .  

A7L SPACESUIT 

The Apo l lo  A p p l i c a t i o n s  Program w i l l  u s e  t h e  A p o l l o  
A7L s p a c e s u i t ,  which i s  manufac tured  by t h e  I n t e r n a t i o n a l  L a t e x  
C o r p o r a t i o n .  The p r e s s u r e  garment a s s e m b l y  ( P G A )  p r o v i d e s  t h e  
mob i l e  l i f e  s u p p o r t  chamber.  The he lmet  w i l l  be  o f  t h e  v i s o r  
t y p e .  When p r e s s u r i z e d ,  t h e  s u i t  w i l l  b e  m a i n t a i n e d  a t  3 . 7  t o  
3 . 9  p s i g .  Oxygen supp ly  and ca rbon  d i o x i d e  removal  r e q u i r e m e n t s  
are  m e t  by  v e n t i l a t i n g  t h e  s u i t  w i t h  oxygen.  V e n t i l a t i o n  a l s o  
p r o v i d e s  humid i ty  c o n t r o l  by removing water vapor ,  and some 
c o o l i n g  b y  b o t h  c o n v e c t i o n  and  swea t  e v a p o r a t i o n .  The A7L P G A  
has two se t s  of i n l e t  2nd o u t l e t  cxygen hose cofif iectors  l o c a t e d  
on t h e  l e f t  and r i g h t  r i b  cage a r e a s .  V e n t i l a t i n g  oxygen i n p u t  
w i l l  b e  d i s t r i b u t e d  e q u a l l y  between t h e  he lme t  and t h e  s u i t  when 
t h e  m e t a b o l i c  r a t e  i s  low and v e n t i l a t i o n  i s  t h e  on ly  means o f  
a c t i v e  c o o l i n g .  T h i s  mode i s  used  when s u p p o r t  i s  b y  t h e  s u i t  
c i r c u i t  o f  t h e  CM e n v i r o n m e n t a l  c o n t r o l  s y s t e m  (ECS). A t  h i g h e r  
m e t a b o l i c  r a t e ,  g a s  c o o l i n g  i s  i n e f f i c i e n t  and u n c o m f o r t a b l e .  
The v e n t i l a t i o n  r a t e  must b e  h i g h ,  which i n f l u e n c e s  t h e  s i z e  and 
w e i g h t  o f  ECS components,  and c o o l i n g  depends on e v a p o r a t i o n  
o f  u n c o m f o r t a b l e  amounts of  s e n s i b l e  p e r s p i r a t i o n .  
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Exper i ence  w i t h  i n s u f f i c i e n t  g a s  c o o l i n g  i n  Gemini EVA, 
and t e c h n o l o g i c a l  advances  i n  o t h e r  means o f  a c t i v e  c o o l i n g ,  have  
l e d  t o  t h e  development of  a l i q u i d  c o o l i n g  garment  ( L C G )  f o r  
Apo l lo  EVA. The LCG i s  i n  e f f e c t  a c o l d - p l a t e  f o r  t h e  body, and 
i s  worn as an undergarment  when m e t a b o l i c  a c t i v i t i e s  w i l l  b e  h i g h .  
The P G A  has water i n l e t  and o u t l e t  p o r t s  i n  t h e  u p p e r - l e f t  c h e s t  
area which p r o v i d e  t h e  i n t e r f a c e  between t h e  LCG and an e x t e r n a l  
c o o l a n t  pumping sys t em and h e a t  exchange r .  When t h e  L C G  i s  o p e r a t -  
i n g ,  a l l  v e n t i l a t i n g  oxygen i s  d i r e c t e d  f i r s t  t o  t h e  he lme t ,  and 
t h e n  t h r o u g h  t h e  s u i t .  I n  t h i s  mode, most o f  t h e  v e n t i l a t i n g  
oxygen i s  e f f e c t i v e  i n  removing C O  from t h e  h e l m e t ,  and as 
c o o l i n g  no l o n g e r  depends on v e n t i ? a t i o n  r a t e ,  t h e  r a t e  r e q u i r e -  
ment i s  d e c r e a s e d  b y  more t h a n  a f a c t o r  of  two. T h i s  i s  
i m p o r t a n t  i f  t h e  s u p p o r t  s y s t e m  i s  p o r t a b l e ,  p a r t i c u l a r l y  i f  t h e  
v e n t i l a t i o n  s y s t e m  i s  open-loop ( i . e . ,  a l l  v e n t i l a t i n g  oxygen 
p a s s e d  t h r o u g h  t h e  s u i t  i s  l o s t ) .  

A7L s p a c e s u i t  i n c l u d e s  a communication s o f t  h a t  (CSH), 
which h a s  two microphones and two ea rphones  f o r  v o i c e  communica- 
t i o n s .  The b i o m e d i c a l  b e l t  (BMB) and s e n s o r s  f o r  measu r ing  
hea r tbea t  and r e s p i r a t i o n  r a t e  a r e  a l s o  worn i n s i d e  t h e  P G A .  An 
e l e c t r i c a l  c o n n e c t o r ,  which s e r v i c e s  b o t h  t h e  CSH and t h e  BMB, 
i s  mounted i n  t h e  u p p e r - r i g h t  c h e s t  a r e a  o f  t h e  P G A .  When t h e  
s p a c e s u i t  w i l l  b e  u s e d  i n  EVA, t h e  P G A  i s  c o v e r e d  w i t h  an  i n t e -  
g r a t e d  the rma l -me teo ro id  garment .  If i t  w i l l  b e  worn i n s i d e  t h e  
s p a c e c r a f t  o n l y ,  i t  i s  covered w i t h  an i n t r a v e h i c u l a r  c o v e r ,  which 
minimizes  P G A  wear. When m e t a b o l i c  ra tes  a r e  low and  t h e  s u i t  
i s  b e i n g  v e n t i l a t e d  by  t h e  CM ECS, t h e  LCG i s  r e p l a c e d  by t h e  
c o n s t a n t  wear garment .  

CM ECS SUIT C I R C U I T  

The CM ECS s u p p l i e s  low p r e s s u r e  oxygen t o  t h e  PGA a t  
a r e l a t i v e l y  h i g h  r a t e .  There  i s  no equipment  i n  t h e  CM t h a t  w i l l  
i n t e r f a c e  w i t h  t h e  L C G ,  and a s  we 've  s e e n ,  v e n t i l a t i o n  i s  t h e  on ly  
means of a c t i v e  c o o l i n g .  The r e t u r n  gas i s  passed t h r o u g h  a C O 2  
and o d o r  a b s o r b e r  assembly and t h e n  th rough  t h e  s u i t  hea t  exchange r  
where i t  i s  c o o l e d  and water v a p o r  i s  condensed and removed. The 

I cpLcl l~r311cu  W I L I ~  u n y g e r ~  aiid i-eturiied t o  t h e  s u i t .  
The  p o r t i o n  o f  t h e  t o t a l  v e n t i l a t i n g  gas  t h a t  p u r g e s  t h e  h e l m e t  
( 5 0 % )  i s  more t h a n  s u f f i c i e n t  t o  m a i n t a i n  t h e  C 0 2  p a r t i a l  p r e s s u r e  
below a c c e p t a b l e  l e v e l s ,  p a r t i c u l a r l y  a t  t h e  e x p e c t e d  low 
m e t a b o l i c  r a t e  of  a crewman i n  t h e  CM couch. The s u i t  and s u i t  
c i r c u i t  of t h e  CM ECS a r e  an example o f  a c l o s e d - l o o p  oxygen 
s y s t e m .  

dry, c s s l  gas i s  q n - l n n i - L n A  - - f C t .  e-------- 
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The CM ECS cannot  be used  f o r  v e n t i l a t i o n  i f  t h e r e  i s  
a l a rge  s e p a r a t i o n  between t h e  sys t em and t h e  s u i t .  The s u i t  
c i r c u i t  compressors  cannot  s u p p l y  a p r e s s u r e  d i f f e r e n c e  s u f f i c i e n t  
t o  m a i n t a i n  t h e  s u i t  p r e s s u r e  and v e n t i l a t i o n  r a t e  ( e v e n  w i t h  
a c t i v e  c o o l i n g  b y  t h e  LCG) at  p r o p e r  l e v e l s  because  o f  l o s s e s  
i n  t h e  low-pres su re  supp ly  and r e t u r n  h o s e s .  Because A A P  EVA 
and s u i t e d  I V A  a c t i v i t i e s ,  which g e n e r a l l y  w i l l  r e q u i r e  h i g h  
m e t a b o l i c  o u t p u t  , w i l l  b e  performed a t  r e l a t i v e l y  g r e a t  d i s t a n c e s  
f o r  t h e  CM, a p o r t a b l e  v e n t i l a t i o n  s y s t e m  i s  r e q u i r e d .  

PORTABLE LIFE SUPPORT SYSTEMS 

P o r t a b l e  l i f e  s u p p o r t  sys t ems  f o r  use  w i t h  a space -  
s u i t  can  r a n g e  from t o t a l l y  s e l f - c o n t a i n e d  u n i t s  t o  s imply  
i n t e r f a c e  c o n n e c t i o n s  between t h e  s p a c e c r a f t  and t h e  s u i t .  The 
l a t t e r  must be  connec ted  t o  t h e  s p a c e c r a f t  b y  an  u m b i l i c a l .  
High p r e s s u r e  oxygen, e i t h e r  s e l f - c o n t a i n e d  or s p a c e c r a f t  s u p p l i e d ,  
i s  r e g u l a t e d  t o  t h e  s u i t  p r e s s u r e  f o r  v e n t i l a t i o n .  I n  a c l o s e d -  
l o o p  sys t em,  r e t u r n  oxygen i s  p r o c e s s e d  for C02 and water v a p o r  
removal ,  c o o l e d ,  r e p l e n i s h e d  w i t h  oxygen f o r  r e s p i r a t i o n  and s u i t  
l e a k a g e ,  and r e c i r c u l a t e d  t o  t h e  s u i t .  I n  an open-loop s y s t e m ,  
r e t u r n  oxygen i s  v e n t e d .  During EVA, a l l  v e n t e d  oxygen i s  lost. 
T h e r e f o r e ,  i n  an open-loop s y s t e m ,  i t  i s  i m p e r a t i v e  t h a t  t h e  
v e n t i l a t i o n  r a t e  be k e p t  a t  t h e  minimum l e v e l  t h a t  p r o v i d e s  j u s t  
C 0 2  and water vapor  washout .  It  i s  a l s o  d e s i r a b l e  t o  keep  t h e  
v e n t i l a t i o n  r a t e  low i n  a c losed - loop  sys tem,  as lower  r a t e s  mean 
smal le r  c i r c u l a t i o n  s y s t e m s .  F o r  t h e s e  r e a s o n s ,  as w e l l  as t h e  
i n c r e a s e d  c o o l i n g  e f f i c i e n c y  and g r e a t e r  comfor t ,  a l l  s u i t e d  EVA 
and  I V A  a c t i v i t i e s  ( e x c e p t  i n  t h e  C M )  i n  A A P  w i l l  u se  t h e  l i q u i d  
c o o l i n g  garment r a the r  t h a n  v e n t i l a t i o n  c o o l i n g  f o r  r e j e c t i o n  
o f  t h e  m a j o r i t y  o f  m e t a b o l i c  h e a t . *  

* 
The Gemini E x t r a v e h i c u l a r  L i f e  Suppor t  System (ELSS) d i d  

n o t  u s e  a l i q u i d  c o o l i n g  garment ,  p r i m a r i l y  because  t h i s  t e c h n i q u e  
was beyond t h e  s t a t e - o f - t h e - a r t  a t  t he  t i m e .  I n s t e a d ,  a r a t h e r  
i n g e n i o u s  method of v e n t i l a t i o n  c o o l i n g  was used .  The ELSS was 
a s e m i  open-loop s y s t e m ,  i n  which f r e sh  h i g h - p r e s s u r e  oxygen was 
s u p p l i e d  a t  a r a t e  e q u a l  t o  t h e  C02  washout r e q u i r e m e n t .  It was 
s u p p l i e d  by  an  e j e c t o r  r a t h e r  t h a n  a r e g u l a t o r ,  and t h e  h i g h  
v e l o c i t y  oxygen l e a v i n g  the e j e c t o r  mixed w i t h  t h e  r e s i d u a l  g a s  
i n  t h e  s u p p l y  l i n e ,  t h u s  p r o p e l l i n g  t h e  t o t a l  mix tu re  t h r o u g h  
t h e  s u i t .  Af te r  an amount of gas e q u a l  t o  t h a t  s u p p l i e d  t h r o u g h  
t h e  e j e c t o r  was v e n t e d  ove rboa rd ,  t h e  oxygen was c o o l e d  i n  an 
e v a p o r a t i v e  h e a t  exchanger  and r e t u r n e d  t o  t h e  s u i t  p a s t  t h e  
e j e c t o r .  However, unexpec ted  m e t a b o l i c  l o a d s  d u r i n g  Gemini EVA 
s u b s t a n t i a l l y  exceeded  t h e  c o o l i n g  c a p a c i t y  of  t h e  ELSS,  and one 
o f  t h e  recommendat ions o f  t h a t  Program was: " I n  f u t u r e  E x t r a -  
v e h i c u l a r  L i f e  Suppor t  Systems,  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  
c o o l i n g  sys t ems  w i t h  g r e a t e r  hea t  removal  c a p a c i t y  t h a n  t h e  
g a s e o u s  c o o l i n g  sys tems used  i n  t h e  Gemini Program." 



BELLCOMM. INC. -6 - 

C i r c u l a t i n g  c o o l a n t  i s  h e a t e d  i n  t h e  L C G  and  t h e n  
p a s s e d  t h r o u g h  a l i q u i d - t o - l i q u i d  h e a t  e x c h a n g e r ,  where t h e  
m e t a b o l i c  hea t  i s  t r a n s f e r r e d  t o  a n o t h e r  l i q u i d .  T h i s  s e c o n d  
l i q u i d  can  be  t h e  c o o l a n t  i n  t h e  s p a c e c r a f t  ECS r a d i a t o r  n e t -  
work,  or w a t e r  which i s  e v a p o r a t e d  or s u b l i m a t e d  t o  vacuum. 
Because  of t h e  l a r g e  r a d i a t o r  s u r f a c e  t ha t  would b e  l e q u l 1 7 e d ,  
o n l y  w a t e r  b o i l e r s  or s u b l i m a t o r s  can b e  used  i n  s e l f - c o n t a i n e d  
p o r t a b l e  l i f e  s u p p o r t  s y s t e m s .  These  components u s e  t h e  hea t  
from t h e  LCG l o o p  t o  v a p o r i z e  ( s u b l i m a t e )  water,  and  must  b e  op- 
e r a t e d  a t  p r e s s u r e  n e a r  vacuum t o  work as d e s i g n e d .  The tempera-  
t u r e  o f  t h e  water b e i n g  v a p o r i z e d  ( s u b l i m a t e d )  must b e  l e s s  t h a n  
t h e  LCG i n l e t  t e m p e r a t u r e  f o r  hea t  t r a n s f e r  t o  o c c u r  i n  t h e  p r o -  
p e r  d i r e c t i o n ,  and  t h e  s a t u r a t e d  vapor  p r e s s u r e  o f  water a t  low 
t e m p e r a t u r e  i s  v e r y  l o w ~ ( a t  45OF, t h e  v a p o r  p r e s s u r e  o f  water i s  
l e s s  t h a n  0 . 1 5  p s i a ) .  I t  i s  t h e r e f o r e  n o t  p o s s i b l e  t o  u s e  a 
p o r t a b l e ,  s e l f - c o n t a i n e d  L C G  s u p p o r t  s y s t e m  f o r  s u i t e d  I V A  i n  a 
p r e s s u r i z e d  env i ronmen t .  T h i s  i s  t r u e  f o r  b o t h  p r e s s u r i z e d  and 
v e n t e d  s u i t  c o n d i t i o n s .  For s u i t e d  I V A  i n  a p r e s s u r i z e d  e n v i r o n -  
ment ,  t h e  LCG must b e  s u p p o r t e d  t h r o u g h  an  u m b i l i c a l  b y  a s p a c e -  
c r a f t  s y s t e m  t h a t  r e j e c t s  h e a t  t o  s p a c e .  

SELECTION OF A A P  I V A  SYSTEM 

Both p r e s s u r i z e d  and v e n t e d  s u i t  modes o f  I V A  i n  a 
p r e s s u r i z e d  envi ronment  are p lanned  f o r  A A P .  The o n l y  nomina l  
p r e s s u r i z e d  I V A  i n  3 vacuum envi ronment  i s  a s s o c i a t e d  w i t h  EVA 
a c t i v i t i e s ,  and i s  p r o p e r l y  i n c l u d e d  i n  t h a t  c a t e g o r y .  However, 
o f f - n o m i n a l  c o n d i t i o n s ,  such  as t h e  MDA f a i l i n g  t o  p r e s s u r i z e  
b e f o r e  an a s t r o n a u t  e n t e r s  i t  f rom t h e  CM,  must b e  p r o v i d e d  for. 
A s  t h e  LCG w i l l  b e  u s e d  i n  a l l  c a s e s  ( e x c e p t  I V A  i n  t h e  CM) f o r  
t h e  r e j e c t i o n  of t h e  m a j o r i t y  o f  m e t a b o l i c  hea t ,  a l l  v e n t i l a t i n g  
oxygen w i l l  b e  d i r e c t e d  t o  t h e  he lme t  whenever  t h e  helmet v i s o r  
i s  c l o s e d .  The assumed mixing  e f f i c i e n c y  o f  incoming oxygen 
t o  r e s p i r e d  C02 i n  t h e  he lmet  i s  a p p r o x i m a t e l y  75% -- t h a t  i s ,  
75% of  t h e  v e n t i l a t i r l g  oxygen i s  e f f e c t i v e  i s  wash ing  o u t  C 0 2 .  
F i g u r e  1 g i v e s  t h e  oxygen v o l u m e t r i c  f l o w  r e q u i r e m e n t  t o  m a i n t a i n  
t h e  maximum nomina l  C02 p a r t i a l  p r e s s u r e  o f  7 . 6  mmHg, f o r  75% 
and  1 0 0 %  mix ing  e f f i c i e n c i e s ,  v s .  m e t a b o l i c  r a t e .  T h e  RQ i s  
t a k e R  as 0.84 and t h e  t e m p e r a t u r e  as 7Q°F. The r e q u i r e d  mass 
f l o w  r a t e  o f  v e n t i l a t i n g  oxygen i s  g i v e n  v s .  m e t a b o l i c  r a t e  i n  
F i g u r e  2 f o r  t h e  two mix ing  e f f i c i e n c i e s  and  f o r  t h e  t h r e e  
n o m i n a l  t o t a l  s u i t  p r e s s u r e  c o n d i t i o n s .  These  c o n d i t i o n s  a re :  
p r e s s u r i z e d  s u i t  i n  vacuum env i ronmen t ,  P t  = 3.9  p s i a ;  v e n t e d  
s u i t  i n  p r e s s u r i z e d  env i ronmen t ,  b u t  w i t h  v i s o r  c l o s e d ,  P t  = 5 . 0  
p s i a ,  and  p r e s s u r i z e d  s u i t  i n  a p r e s s u r i z e d  e n v i r o n m e n t ,  P t  = 8.9 
p s i a .  The 75% h e l m e t  mix ing  e f f i c i e n c y  can  b e  improved by con- 
c e n t r a t i n g  t h e  i n f l o w  a r o u n d  t h e  o r a l - n a s a l  area by a small  mask. 
T h i s  w i l l  y i e l d  a l m o s t  1 0 0 %  mixing ,  and  s u c h  a mask w i l l  b e  u s e d  
when t h e  s u i t  p r e s s u r e  i s  8 .9  p s i a  t o  min imize  t h e  mass f l o w  r a t e  
r e q u i r e m e n t  t o  t h e  s u i t .  For example ,  d u r i n g  t h e  p r e s s u r i z e d  
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s u i t  phases o f  t h e  M509 Ast ronau t  Maneuvering Exper imen t ,  when 
t h e  e x p e c t e d  average m e t a b o l i c  r a t e  i s  a p p r o x i m a t e l y  1 6 0 0  B T U / h r ,  
t h e  mass f low r a t e  r equ i r emen t  to t h e  s u i t  w i l l  b e  c u t  f rom 1 7 . 4  
to 1 3  pounds /hour  b y  u s e  of t h e  mask. 

The q u e s t i o n  o f  whe the r  h i g h  p r e s s u r e  oxygen s h o u l d  b e  
s e l f - c o n t a i n e d  i n ,  or u m b i l i c a l l y  s u p p l i e d  to, t h e  p o r t a b l e  
l i f e  s u p p o r t  s y s t e m  i s  e a s i l y  answered  f o r  t h e  c a s e  o f  I V A .  The 
l i q u i d  c o o l i n g  garment  must  b e  s u p p o r t e d  b y  an  u m b i l i c a l ,  and t h e  
p rob lem o f  u m b i l i c a l  management i n  I V A  e x i s t s  i n  e i t h e r  c a s e .  
High p r e s s u r e  oxygen must be s u p p l i e d  by  t h e  CM-SM t o  t h e  fo rward  
A i r l o c k  Module s e c t i o n ,  the A i r l o c k  i t s e l f ,  and t h e  Workshop and  
r e g u l a t e d  for p r e s s u r i z a t i o n  o f  t h e s e  volumes and for t h e  c o n d u c t i o n  
o f  some e x p e r i m e n t s .  S i n c e  t h e  oxygen s u p p l y  i s  t h e r e ,  and s i n c e  
a water  u m b i l i c a l  i s  r e q u i r e d ,  t h e  a d d i t i o n  o f  an open-loop oxygen 
s u p p l y  l i n e  t o  t h e  u m b i l i c a l  r e s u l t s  i n  t h e  s i m p l e s t  and smal les t  
p o r t a b l e  l i f e  s u p p o r t  s y s t e m  p o s s i b l e .  The same argument  leads to 
t h e  c o n c l u s i o n  t h a t  a c a b l e  for v o i c e  and b i o m e d i c a l  da ta  t r a n s -  
m i s s i o n  s h o u l d  b e  i n c l u d e d  i n  t h e  u m b i l i c a l ,  r a t h e r  t h a n  u s i n g  
a r a d i o  t r a n s m i t t e r / r e c e i v e r  s y s t e m .  

Oxygen w i l l  flow only when t h e  h e l m e t  v i s o r  i s  c l o s e d ,  
and d u r i n g  I V A  i n  a p r e s s u r i z e d  env i ronmen t ,  t h i s  w i l l  be  t h e  
nomina l  c o n d i t i o n  on ly  f o r  b r i e f  expe r imen t  p e r i o d s  i n  t h e  
voluminous Workshop. The  ven ted  oxygen from t h e  open-loop 
s y s t e m  i s  n o t  n e s e s s a r i l y  lost b e c a u s e  i t  makes up f o r  c a b i n  
leakage.  Oxygen w i l l  b e  l o s t  on ly  i f  t h e  uppe r  c a b i n  p r e s s u r e  
l i m i t  i s  r e a c h e d .  To i n c r e a s e  t h e  c a b i n  p r e s s u r e  f rom t h e  
nomina l  5 p s i a  to t h e  r e l i e f  p r e s s u r e  o f  6 p s i a ,  a n e t  a d d i t i o n  
o f  a b o u t  90 pounds o f  oxygen w i l l  b e  r e q u i r e d .  A t  t h e  1 2 . 3  l b s /  
h o u r  n e t  r a t e  o f  oxygen a d d i t i o n  ( a s suming  13 l b s / h r  s u p p l y  t o  
one 8 .9  p s i a  s u i t  w i t h  mask l e s s  a p p r o x i m a t e l y  0 . 7  l b / h r  l eakage) ,  
i t  w i l l  t a k e  7 h o u r s  t o  r e a c h  t h e  u p p e r  p r e s s u r e  l i m i t .  A s  
p r e s s u r i z e d  s u i t  expe r imen t  p e r i o d s  are  measured i n  m i n u t e s ,  i t  
i s  n o t  e x p e c t e d  t h a t  any oxygen w i l l  be  lost due t o  t h e  open-loop 
n a t u r e  o f  t h e  oxygen v e n t i l a t i o n  s y s t e m .  

The p o r t a b l e  l i f e  s u p p o r t  s y s t e m  t h a t  w i l l  b e  u sed  as 
t h e  i n t e r f a c e  hetween the nxygen i ~ . m b i l i c z l  and t.he s p i c e s ~ i t  i s  
c a l l e d  t h e  P r e s s u r e  C o n t r o l  Uni t  ( P C U ) .  It i s  worn as a ches t  
p a c k .  I t s  d imens ions  a r e  6" x 10" x 12", and i t  weighs 1 2  pounds .  
I t  i n c l u d e s  a demand r e g u l a t o r  which r e d u c e s  t h e  u m b i l i c a l  02 
p r e s s u r e  o f  1 2 0  p s i a  t o  t h e  s u i t  p r e s s u r e ,  a s u i t  p r e s s u r e  r e g u l a -  
t o r  which  m a i n t a i n s  t h e  s u i t  p r e s s u r e  and t h r o u g h  which r e t u r n  
gas i s  v e n t e d ,  a f low r a t e  s e l e c t o r  v a l v e ,  and p r e s s u r e ,  tempera- 
t u r e  a n d  f low s e n s o r s .  There  a r e  two oxygen u m b i l i c a l  q u i c k  
d i s c c n n e c t s  which p e r m i t  s w i t c h i n g  from one u m b i l i c a l  t o  a n o t h e r  
w i t h o u t  i n t e r r u p t i o n  of v e n t i l a t i o n .  The LCG water  s u p p l y  and 
r e t u r n  u m b i l i c a l  h o s e s  connec t  d i r e c t l y  t o  t h e  s u i t ;  t h e r e  i s  no 
water  i n t e r f a c e  i n  t h e  PCU. 
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Two l i q u i d  c o o l i n g  garment  s u p p o r t  l o o p s  have b e e n  
i n c o r p o r a t e d  i n  t h e  A i r l o c k  Module. The  l i q u i d - t o - l i q u i d  heat  
e x c h a n g e r s  c o n n e c t  t h e  LCG w a t e r  l o o p s  d i r e c t l y  t o  t h e  AM-MDA 
c o o l a n t  l o o p ,  and  f i n a l  h e a t  r e j e c t i o n  t o  s p a c e  i s  t h r o u g h  t h e  
r a d i a t o r s  on t h e  MDA and s t r u c t u r a l  t r a n s i t i o n  s e c t i o n  ( S T S ) .  
The two l o o p s  have  a t o t a l  h e a t - r e j e c t i o n  c a p a b i l i t y  of 4000  
BTU/hr  , and  can  b e  s p l i t  3 O O O / l O O O .  S e r v i c e  c o n n e c t i o n s  t o  t h e  
u m b i l i c a l  a r e  p r o v i d e d  i n  b o t h  t h e  fo rward  A i r l o c k  Module com- 
p a r t m e n t  and i n  t h e  A i r l o c k  i t s e l f .  A s  t h e r e  i s  no  L C G  s u p p o r t  
s e c t i o n  i n  t h e  CM,  t h e  f i r s t  t h i n g  t h a t  must  b e  done d u r i n g  i n i -  
t i a l  e n t r y  t o  t h e  MDA i s  connec t  a water u m b i l i c a l  f rom t h e  for- 
ward AM compartment t o  t h e  s u i t .  The s e r v i c e  c o n n e c t i o n s  i n  t h e  
A i r l o c k  are  used  f o r  Workshop a c t i v a t i o n .  

The A i r l o c k  Module h i g h  p r e s s u r e  oxygen s y s t e m  r e g u l a t e s  
t h e  9 0 0  p s i a  02 d e l i v e r e d  by t h e  CM-SM t o  1 2 0  p s i a  f o r  b o t h  
module p r e s s u r i z a t i o n  and s u i t  v e n t i l a t i o n  r e q u i r e m e n t s .  Accu- 
m u l a t o r  t a n k s  p r o v i d e  f o r  peak f l o w  r e q u i r e m e n t s .  U m b i l i c a l  
s e r v i c e  c o n n e c t i o n s  are  p r o v i d e d  a d j a c e n t  t o  t h e  w a t e r  c o n n e c t i o n s  
i n  b o t h  t h e  f o r w a r d  AM compartment and  tne A i r l o c k .  An I V A  
oxygen s y s t e m ,  which p r o v i d e s  1 2 0  p s i a  O2 t o  a s i n g l e  u m b i l i c a l ,  
has b e e n  added t o  t h e  C M .  T h i s  s y s t e m  w i l l  b e  u s e d  f o r  i n i t i a l  
MDA e n t r y  u n t i l  t h e  u m b i l i c a l  c a n  b e  c o n n e c t e d  to t h e  AM oxygen 
and water s e r v i c e  c o n n e c t i o n s .  

SELECTION OF A I R L O C K  EVA SYSTEM -- 

Zero-g a i r c r a f t  s i m u l a t i o n s  o f  EVA f rom t h e  A i r l o c k  
u s i n g  t h e  s e l f - c o n t a i n e d  Apollo p o r t a b l e  l i f e  s u p p o r t  s y s t e m ,  
which  i s  c a l l e d  j u s t  t h a t  and abbrevia ted  PLSS, have  d e m o n s t r a t e d  
t h a t  i s  i s  a l m o s t  i m p o s s i b l e  t o  maneuver t h r o u g h  t h e  A i r l o c k  and  
t h e  AM t r u s s  a r e a  w h i l e  wea r ing  i t .  T h e  PLSS i s  a backpack ,  whose 
d i m e n s i o n s  are 26" x 1 7 . 8 4 "  x 10.5", and i t  weighs  86 pounds .  
O t h e r  c h a r a c t e r i s t i c s  o f  t h e  PLSS a r e  g i v e n  i n  t h e  n e x t  S e c t i o n  
on s y s t e m s  f o r  ATM EVA i n  which t h e  o p e r a t i o n a l  p rob lem does  n o t  
e l i m i n a t e  i t  from c o n s i d e r a t i o n .  

S i n c e  t h e  A i r l o c k  i s  e q u i p p e d  w i t h  a l l  t h e  components 
a n d  c o n n e c t i o n s  needed  t o  s u p p o r t  a u m b i l i c a l  L E A ,  t h e  P C U  has 
b e e n  s e l e c t e d  as t h e  p o r t a b l e  s y s t e m .  S i m i l a r  ( t o  t h e  above )  
ze ro -g  s i m u l a t i o n s  have  d e m o n s t r a t e d  t h a t  u m b i l i c a l  management 
i s  n o t  p a r t i c u l a r l y  t roub le some  d u r i n g  EVA from t h e  A i r l o c k  - 
t h i s  i s  a f u n c t i o n  o f  t h e  geometry s u r r o u n d i n g  t h e  p a t h  t r a v e r s e d .  

Over 1 0 0  pounds of oxygen a re  l o s t  by open- loop  
v e n t i l a t i o n  of two men d o i n g  two t h r e e - h o u r  E V A ' S ,  a s suming  
t h e i r  combined a v e r a g e  m e t a b o l i c  r a t e  i s  2000 BTU/man-hour and  
t h a t  t h e  helmet m i x i n g  e f f i c i e n c y  i s  75%.*  T h i s  i s  less  t h a n  
t h e  w e i g h t  of two PLSS's.  

* 
From F i g u r e  2 ,  r e a d  9 l b / h r  f l o w  a t  3.9 p s i a  f o r  a m e t a b o l i c  

ra te  of 2000 BTU/hr; 9 lb/man-hr x 2 men x 3 h r /EVA x .2 EYA = 1 0 8  l b s .  
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For EVA,an Emergency Oxygen Pack ( E O P )  w i l l  b e  
worn f o r  t h e  c o n t i n g e n c y  o f  u m b i l i c a l  f a i l u r e .  The EOP s u p p l y  
w i l l  m a i n t a i n  t h e  normal  f low (9 l b s / h o u r )  f o r  30 m i n u t e s .  I t  
i s  a l e g  mounted u n i t ,  weighs a p p r o x i m a t e l y  1 0  pounds,  and  c a r r i e s  
a b o u t  4-1/2 pounds o f  oxygen a t  7500 p s i a . *  It i s  connec. ted t o  
t h e  PCU a t  a t h i r d  q u i c k  d i s c o n n e c t  p o r t .  The PCU w i l l  a u t o -  
m a t i c a l l y  s w i t c h  t o  t h e  EOP i f  t h e  u m b i l i c a l  f a i l s ,  and  i n c l u d e s  
a h e a t e r  t o  w a r m  t h e  incoming oxygen.  I f  t h e  water u m b i l i c a l  
a l s o  f a i l s ,  t h e  f low can  b e  i n c r e a s e d  t o  p r o v i d e  more v e n t i l a t i o n  
c o o l i n g ,  b u t  t h e  d u r a t i o n  c a p a b i l i t y  of  t h e  EOP i s  c o n s e q u e n t l y  
d e c r e a s e d .  

I t  i s  c l e a r  t h a t  t h e  u m b i l i c a l  and PCU, w i t h  backup 
b y  t h e  EOP, i s  t h e  p r o p e r  s e l e c t i o n  o f  t h e  s u p p o r t  s y s t e m  
f o r  EVA from t h e  A i r l o c k .  The f a c t  t h a t  t h e  same s p a c e c r a f t  
and  p o r t a b l e  s y s t e m s  a r e  used f o r  b o t h  EVA and s u i t e d  I V A  
e l i m i n a t e  some s towage  we igh t  and  volume problems and l e a d  t o  
t h e  l e a s t  complex t o t a l  c o n f i g u r a t i o n .  

SELECTION OF LM-ATM EVA SYSTEM 

I n  t h e  ATM m i s s i o n ,  EVA f o r  f i l m  exchange  and  r e c o v e r y  
i s  e s s e n t i a l  i n  a c c o m p l i s h i n g  p r i m a r y  m i s s i o n  o b j e c t i v e s .  The 
ATM m i s s i o n  can  b e  per formed c o u p l e d  w i t h  t h e  Workshop, or i n  
a d e c o u p l e d  mode w i t h  t h e  LM-ATM docked t o  t h e  AAP-3 CM-SM. I n  
t h e  d e c o u p l e d  m i s s i o n ,  t h e  A i r l o c k  i s  n o t  a v a i l a b l e  and EVA must  
b e  p e r f o r m e d  t h r o u g h  t h e  s i d e  LM h a t c h  u s i n g  t h e  c a b i n  as an  
a i r l o c k .  T h i s  mode i s  a l s o  d e s i r a b l e  i n  t h e  c o u p l e d  m i s s i o n ,  
as t h e  d i s t a n c e s  t o  be  t r a v e r s e d  a re  s h o r t e r  and  e g r e s s / i n g r e s s  
p rob lems  a r e  d i m i n i s h e d .  

The u s e  of  a s e l f - c o n t a i n e d  backpack ,  t h e  PLSS, f o r  
EVA f rom t h e  LM i s  n o t  i m m e d i a t e l y  r u l e d  o u t  f rom o p e r a t i o n a l  
c o n s i d e r a t i o n  as i t  i s  i n  t h e  c a s e  of  EVA from t h e  A i r l o c k .  I n  
f a c t ,  i t  might  have some o p e r a t i o n a l  a d v a n t a g e s  b e c a u s e  u m b i l i c a l  
management a round t h e  ATM o u t r i g g e r s  does  a p p e a r  t o  b e  a problem.  
Some crew members who have  a t t e m p t e d  ze ro -g  a i r c r a f t  s i m u l a t i o n s  
o f  u m b i l i c a l  ATM EVA have  had t r o u b l e  w i t h  t h e  u m b i l i c a l ,  and  be- 
l i e v e  t h a t  a s e l f - c o n t a i n e d  l i f e  s u p p o r t  s y s t e m  p l u s  a s h o r t  
t e t h e r  t h a t  c o u l d  b e  a t t a c h e d  a t  v a r i o u s  p o i n t s  on t h e  LM-ATM 
would  b e  p r e f e r a b l e  f rom t h e i r  v i e w p o i n t .  Ano the r  p o s s i b l e  
a d v a n t a g e  o f  a s e l f - c o n t a i n e d  p o r t a b l e  l i f e  s u p p o r t  s y s t e m  i s  
t h a t  m o d i f i c a t i o n s  t o  t h e  LM-A t o  s u p p o r t  u m b i l i c a l  EVA do  
n o t  h a v e  t o  b e  made. These  f a c t o r s ,  as w e l l  as o t h e r  o p e r a t i o n a l  
c o n s i d e r a t i o n s  t h a t  e n t e r  t h e  t r a d e - o f f ,  w i l l  b e  t r e a t e d  a f t e r  
t h e  c a p a b i l i t y  of t h e  PLSS t o  meet  r e q u i r e m e n t s  i s  examined .  

* l ' h e s e  d a t a  on t h e  EOP a r e  a p p r o x i m a t e  . b e c a u s e  o f  a r e c e n t  
change  i n  r e q u i r e m e n t s  f rom 15 t o  30 m i n u t e  c a p a b i l i t y .  
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The Apol lo  PLSS i s  d e s i g n e d  for l u n a r  s u r f a c e  EVA. It 
c o n t a i n s  c losed - loop  oxygen v e n t i l a t i o n  and LCG w a t e r  c i r c u l a t i o n  
l o o p s .  Both l o o p s  p a s s  through a hea t  exchange r ,  where h e a t  i s  
r e j e c t e d  b y  water s u b l i m a t i o n .  Water f o r  s u b l i m a t i o n  i s  c o n t a i n e d  
i n  a b l a d d e r e d  t a n k .  The b l a d d e r  i s  p r e s s u r i z e d  by t h e  g a s  l o o p ,  
and t h e  volume between t h e  b l a d d e r  and t h e  t a n k  s e r v e s  as a 
c o l l e c t o r  for water removed from t h e  v e n t i l a t i n g  oxygen. The  
v e n t i l a t i o n  l o o p  a l s o  c o n t a i n s  a l i t h i u m  hydrox ide  c a n i s t e r  f o r  
C 0 2  removal .  Oxygen used  i n  r e s p i r a t i o n  and l o s t  t o  l e a k a g e  i s  
made up from a pr imary  oxygen s u p p l y .  A two-way communication 
sys t em f o r  v o i c e  and d a t a  t r a n s m i s s i o n  i s  i n c l u d e d .  The  power 
s o u r c e  i s  a 2 4 0  wa t t -hour  p r i m a r y  b a t t e r y .  An emerg3ncy oxygen 
s u p p l y ,  t h e  Oxygen Purge System (OPS),  i s  worn w i t h  t h e  PLSS. 
It i s  mounted on t o p  o f  t h e  PLSS.  I f ,  because  of  PLSS f a i l u r e ,  
t h e  OPS i s  a c t i v a t e d ,  i t  s u p p l i e s  oxygen f o r  r e s p i r a t i o n ,  C 0 2  
washout ,  and v e n t i l a t i o n  c o o l i n g .  The  oxygen c a p a c i t y  o f  t h e  OPS 
a t  7500 p s i a  i s  s l i g h t l y  less  t h a n  t h a t  of t h e  EOP ( b o t h  a r e  de- 
s i g n e d  f o r  30 minu tes  emergency o p e r a t i o n ,  b u t  the 'QPS u s e s  a 
m e t a b o l i c  r a t e  o f  1600  r a t h e r  t h a n  2 0 0 0  B T U / h r ) .  Un l ike  t h e  
EOP, t h e  OPS r e q u i r e s  manual a c t i v a t i o n .  It  c o n t a i n s  a re -  
g u l a t o r ,  a b a t t e r y  and a h e a t e r ,  and i t s  t o t a l  cha rged  w e i g h t  i s  
o v e r  t h r e e  times t h a t  of  t h e  EOP. 

The Apo l lo  PLSS i s  l i m i t e d  t o  a m e t a b o l i c  m i s s i o n  o f  
4800 BTU t o t a l  by t h e  c a p a c i t y  of  t h e  L i O H  c a n i s t e r  and t h e  
oxygen s u p p l y .  Enough w a t e r  f o r  removal  o f  abou t  6000 BTU 
t o t a l  t h r o u g h  s u b l i m a t i o n  i s  p r o v i d e d  because  o f  t h e  n e t  e n v i r o n -  
m e n t a l  hea t  i n p u t  on t h e  l u n a r  s u r f a c e .  ( T h i s  e n v i r o n m e n t a l  
h e a t i n g  i s  due t o  t h e  r e f l e c t i v i t y  of  t h e  l u n a r  s u r f a c e  i n  
t h e  I R  spec t rum,  and i s  n o t  a f a c t o r  i n  s p a c e  where t h e r e  i s  a 
n e t  loss due  t o  r a d i a t i o n . )  The maximum v e n t i l a t i o n  r a t e  a t  t h e  
s u i t  p r e s s u r e  i s  6 c u b i c  f e e t / m i n u t e ,  which a t  75% h e l m e t  mix ing  
e f f i c i e n c y  w i l l  h a n d l e  a m e t a b o l i c  l o a d  of  1600  BTU/hr  ( f r o m  
F i g u r e  1) .  The PLSS i s  t h e r e f o r e  l i m i t e d  t o  a 3 h o u r  EVA a t  
1 6 0 0  BTU/hr  m e t a b o l i c  r a t e ,  and t h e  a v e r a g e  r a t e  canno t  exceed  
t h i s  l e v e l  w i t h o u t  b u i l d u p  of t h e  C 0 2  l e v e l .  

Three  h o u r s  i s  t h e  nominal  p e r i o d  for each  ATM two-man 
EVA, b u t  the  c a p a b i l i t y  f o r  a fou r -hour  EVA has been  a d e s i g n  
r e q u i r e m e n t .  One man w i l l  be d o i n g  most of t h e  work, as t h e  second  
i s  t h e r e  as a s a f e t y  o b s e r v e r .  S u s t a i n e d  m e t a b o l i c  r a t e s  of  t h e  
work ing  a s t r o n a u t  between r e s t  p e r i o d s  a r e  e x p e c t e d  t o  b e  upwards 
of 2500 BTU/hr ,  a l t h o u g h  t h e  a v e r a g e  f o r  a whole ATM EVA w i l l  
p r o b a b l y  n o t  exceed  2000 BTU/hr.  An 8000 ETU t o t a l  m e t a b o l i c  
c a p a b i l i t y  i s  t h e r e f o r e  a r e a l i s t i c  d e s i g n  r e q u i r e m e n t  on a 
s e l f - c o n t a i n e d  p o r t a b l e  l i f e  s u p p o r t  sys t em for ATM EVA. 
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Comparing t h e  d e s i g n  r e q u i r e m e n t s  of ATM EVA w i t h  t h e  
c a p a b i l i t y  o f  t h e  Apo l lo  PLSS, t h e  PLSS i s  shown to b e  d e f i c i e n t  
i n  b o t h  t o t a l  m e t a b o l i c  c a p a b i l i t y  (oxygen,  l i t h i u m  h y d r o x i d e ,  
and  water)  and maximum v e n t i l a t i o n  r a t e .  Use of an  unmodif ied  PLSS 
would r e s u l t  i n  r e s t r i c t i o n s  on t i m e  and/or  m e t a b o l i c  r a t e s .  It 
would have  to be  m o d i f i e d  t o  meet d e s i g n  r e q u i r e m e n t s .  F u r t h e r ,  b o t h  
s u b l i m a t o r  w a t e r  f i l l  and e l i m i n a t i o n  of  condensed water from 
t h e  o u t s i d e  o f  t h e  water  t a n k  b l a d d e r  depend on g r a v i t y ,  and t o  
r e s e r v i c e  t h e  PLSS i n  zero-g ,  o t h e r  t y p e s  o f  sys t ems  would b e  
r e q u i r e d  for t hese  o p e r a t i o n s .  The PLSS has a n o t h e r  d i s a d v a n t a g e  
i n  t h a t  no c o o l i n g  by  t h e  LCG w a t e r  l o o p  i s  p o s s i b l e  between 
t h e  t i m e  t h a t  t h e  a s t r o n a u t  i s  s u i t e d  and t h e  t i m e  t h a t  t h e  LM 
c a b i n  i s  d e p r e s s u r i z e d  because  w a t e r  s u b l i m a t i o n  i s  r e q u i r e d  
f o r  heat  r e j e c t i o n ,  and s u b l i m a t i o n  w i l l  n o t  o c c u r  i n  a p r e s -  
s u r i z e d  env i ronmen t .  I n  o t h e r  words ,  t h e  a s t r o n a u t  w i l l  b e  
h o t  even  b e f o r e  he  s t a r t s  t h e  EVA. 

The r e s e r v i c e  r equ i r emen t s  of a m o d i f i e d  PLSS for 
each  s i n g l e  8000 BTU m e t a b o l i c  EVA would b e  1 . 5 4  l b s  of oxygen,  
7 . 4  l b s  of L i O H ,  app rox ima te ly  9 l b s  of water ,  and a 5 . 1 4  l b  
b a t t e r y .  Assuming t h a t  b o t h  PLSS's are  l aunched  c h a r g e d ,  each  
would have  to b e  r e s e r v i c e d  th ree  t imes,  and t h e  above r e q u i r e -  
ments would b e  m u l t i p l i e d  by  s i x  t o  f i n d  t h e  r e q u i r e m e n t s  on 
t h e  s p a c e c r a f t  f o r  r e s e r v i c i n g .  Water and oxygen r e s e r v i c e  
c a p a b i l i t y  e x i s t s  i n  t h e  Apollo LM, and t h e r e  i s  a p p a r e n t l y  
no  r e a s o n  t h a t  i t  c a n n o t  b e  r e t a i n e d  i n  t h e  LM-A, a l t h o u g h  some 
c o n f i g u r a t i o n  changes might  be r e q u i r e d  b e c a u s e  of o t h e r  mods , 
l i k e  t h e  a d d i t i o n  o f  t h e  ATM C o n t r o l  and D i s p l a y  c o n s o l e .  

The t o t a l  oxygen t h a t  must b e  s u p p l i e d  to t h e  LM-A c a b i n  
i s  n o t  j u s t  t h e  9 . 4  pound PLSS r e s e r v i c e  r e q u i r e m e n t  b e c a u s e  of 
t h e  two-gas 02/N2 a tmosphere  i n  t h e  c a b i n .  To e l i m i n a t e  r e s i d u a l  
n i t r o g e n  from t h e  a s t r o n a u t ' s  b lood  and f rom t h e  s u i t  v e n t i l a t i o n  
l o o p ,  he  must p r e b r e a t h  p u r e  oxygen, and t h e  s u i t  must b e  purged  
w i t h  p u r e  oxygen. The p r e b r e a t h i n g  r e q u i r e m e n t  f o r  four two-man 
EVA'S  i s  6 pounds,  and t h e  s u i t  pu rge  r e q u i r e m e n t  i s  a p p r o x i m a t e l y  
15 pounds.  The t o t a l  r e q u i r e m e n t  i s  t h e r e f o r e  on t h e  o r d e r  o f  
30 pounds .  It  c o u l d  b e  d e c r e a s e d  t o  2 1  l b s  by r e s e r v i c i n g  t h e  
PLSS i n  t h e  CM.  The p r e s e n t  Apol lo  LM Ascent  S t a g e  ( A / S )  oxygen 
s t o r a g e  c a p a b i l i t y  i s  4.4 pounds.  E i t h e r  t h e  A / S  s t o r a g e  c a p a c i t y  
must b e  i n c r e a s e d ,  or an  i n t e r f a c e  between t h e  A/S and t h e  CM-SM 
c r y o g e n i c  supp ly  must b e  p r o v i d e d .  

The water s t o r a g e  c a p a c i t y  o f  t h e  Apo l lo  LM A/S i s  
n o t  s u f f i c i e n t  t o  p r o v i d e  c o o l i n g  d u r i n g  unmanned r endezvous  and 
d o c k i n g ,  and a t h i r d  A/S w a t e r  t a n k  must b e  added for t h i s  p u r p o s e .  
PLSS water r e s e r v i c i n g  r e q u i r e s  a f o u r t h  t a n k .  There  i s  t h e  
p o s s i b i l i t y  o f  r e s e r v i c i n g  t h e  PLSS i n  t h e  CM w i t h  f u e l  c e l l  water,  
b u t  a new t a p  would p r o b a b l y  b e  r e q u i r e d  as t h e  c a p a b i l i t y  of t h e  
PLSS t o  o p e r a t e  on c h l o r i n a t e d  water from t h e  C M  p o t a b l e  water t a n k  
i s  q u e s t i o n a b l e .  
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It i s  c l e a r  t h a t  s u b s t a n t i a l  m o d i f i c a t i o n s  t o  t h e  LM A/S, 
as w e l l  as t h e  PLSS, are  r e q u i r e d  t o  meet t h e  d e s i g n  r e q u i r e m e n t s  of 
f o u r  two-man ATM E V A ' S  u s i n g  a s e l f - c o n t a i n e d  p o r t a b l e  l i f e  s u p p o r t  
s y s t e m .  The LM m o d i f i c a t i o n s  r e q u i r e d  t o  s u p p o r t  an u m b i l i c a l  EVA 
w i t h  t h e  PCU a re  no t  t h a t  much more e x t e n s i v e ,  and t h i s  mode h a s  
been  b a s e l i n e d .  A h i g h - p r e s s u r e  oxygen i n t e r f a c e  h a s  been  p ro -  
v i d e d  between t h e  LM-A and t h e  CM-SM c r y o  s t o r a g e  s y s t e m  t o  
a v o i d  s t o r i n g  l a r g e  q u a n t i t i e s  o f  gaseous  oxygen i n  t h e  LM-A. 
T h i s  was mentioned above as one o f  t h e  a l t e r n a t i v e s  f o r  s a t i s f y -  
i n g  t h e  PLSS s u p p o r t  r e q u i r e m e n t s .  With t h e  PCU, h i g h - p r e s s u r e  
oxygen t r a n s f e r  i s  t h e  c l e a r  c h o i c e  b e c a u s e  t h e  open-loop oxygen 
v e n t i l a t i o n  s y s t e m  r e s u l t s  i n  a t o t a l  r e q u i r e m e n t  o f  between 
250 and 300 pounds (as  opposed t o  30 f o r  t h e  PLSS). An oxygen 
a c c u m u l a t o r  and r e g u l a t o r  sys tem s imi l a r  t o  t h e  one i n  t h e  
A i r l o c k  r e p l a c e  t h e  LM A/S gaseous oxygen t a n k s .  The ma jo r  
a d d i t i o n  t o  t h e  LM A/S t o  s u p p o r t  u m b i l i c a l  EVA i s  t h e  l i q u i d  
c o o l i n g  garment  s u p p o r t  s e c t i o n  (LCGSS). L i k e  t h e  AM s y s t e m ,  
two l o o p s  a re  p r o v i d e d .  However, t h e  l i q u i d - t o - l i q u i d  h e a t  
e x c h a n g e r s  connec t  t h e  L C G  w a t e r  l o o p s  t o  water s u b l i m a t o r s  
r a t h e r  t h a n  t h e  LM-A r a d i a t o r  l o o p .  The r e q u i r e m e n t  f o r  w a t e r  
f o r  s u b l i m a t i o n  i s  t h e  same a s  i n  t h e  c a s e  of  PLSS r e c h a r g e ,  
as t h e  t o t a l  h e a t  to b e  r e j e c t e d  i s  t h e  same. However, t h e  
u m b i l i c a l  s y s t e m  p r o v i d e s  c o o l i n g  b e f o r e  t h e  c a b i n  i s  
d e p r e s s u r i z e d ,  and t h e  a s t r o n a u t  does  n o t  have  t o  s t o r e  t h e  
h e a t  g e n e r a t e d  u n t i l  t h a t  time as he does when u s i n g  a PLSS. 
The A p o l l o  LM water supp ly  module, which c o n n e c t s  t h e  f o u r  
water s t o r a g e  t a n k s  t o  t h e  LCG s u b l i m a t o r s ,  i s  unchanged. 

The we igh t  t r a d e o f f  between t h e  two a l t e r n a t i v e s  - 
PLSS v s  PCU/umbil ical  - f o r  ATM EVA r e s u l t s  i n  a s t a n d o f f .  
S m a l l  w e i g h t  advan tages  can  be shown for e i t h e r  sys t em as a 
f u n c t i o n  o f  a s sumpt ions  on m e t a b o l i c  r a t e ,  number o f  s p a r e s ,  
and u s a b i l i t y  of I V A  P C U ' s  and u m b i l i c a l s  f o r  EVA. Roughly,  
t h e  oxygen p e n a l t y  a s s o c i a t e d  w i t h  t h e  open-loop PCU i s  
b a l a n c e d  by t h e  h e a v i e r  f i x e d  w e i g h t  o f  t h e  PLSS and t h e  L i O H  
and  b a t t e r i e s  f o r  r e c h a r g e .  The P C U  h a s  a d e f i n i t e  s towage  
volume advan tage  as t h e  oxygen i s  s towed i n  t h e  S e r v i c e  Module 
and t h e  t h r e e  c r y o  t a n k s  have s u f f i c i e n t  c a p a c i t y  t o  meet a l l  
r e q u i r e m e n t s .  Although d i f f i c u l t  t o  q u a n t i f y ,  t h e  P C U  w i l l  
show a c o s t  advan tage .  T h i s  i s  s o  because  t h e  P C U  must b e  
d e v e l o p e d  f o r  A A P  I V A  and A i r l o c k  EVA i n  e i t h e r  c a s e .  The 
c o s t  f o r  modi fy ing ,  q u a l i f y i n g ,  and p u r c h a s i n g  a s u i t a b l e  PLSS 
and  r e s e r v i c e  c a p a b i l i t y  i n  t h e  s p a c e c r a f t  w i l l  r u n  an  es t imated 
t h r e e  m i l l i o n  d o l l a r s  more t h a n  t h e  approx ima te  two m i l l i o n  
d o l l a r  p r i c e  t a g  f o r  modi fy ing  t h e  LM t o  s u p p o r t  u m b i l i c a l  EVA. 
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Except  f o r  t h e  u m b i l i c a l  management problem, t h e  PCU has s e v e r a l  
o p e r a t i o n a l  advan tages  i n  t h a t  donn ing  and s y s t e m  checkout  are  
much s i m p l e r  t h a n  i n  t h e  c a s e  of  t h e  PLSS, and no r e s e r v i c i n g  i s  
r e q u i r e d .  

From a l l  c o n s i d e r a t i o n s  o t h e r  t h a n  t h e  u m b i l i c a l  
management problem, i t  i s  a p p a r e n t  t h a t  t h e  d e c i s i o n  t o  use  t h e  
P C U  and u m b i l i c a l  f o r  ATM EVA was t h e  p r o p e r  one .  B e f o r e  mean- 
i n g f u l  work can  b e  done on t h e  one o p e r a t i o n a l  problem, more 
knowledge on t h e  s p e c i f i c  n a t u r e  and s e v e r i t y  o f  t h e  problem 
i s  r e q u i r e d .  T h i s  l e a d s  t o  t h e  recommendation t h a t  p l anned  
n e u t r a l  bouyancy t e s t s  o f  ATM EVA a t  MSFC b e  i n i t i a t e d  as soon  
as p o s s i b l e .  R e s u l t s  of t h e s e  t e s t s  w i l l  lead t o  d e s i g n s  f o r  
u m b i l i c a l  r e s t r a i n t  mechanisms and o p e r a t i o n a l  p r o c e d u r e s  t o  
minimize  t h e  problem, or demons t r a t e  t h a t  t h e  problem i s  s o  
s e v e r e  t h a t  a s e l f - c o n t a i n e d  p o r t a b l e  l i f e  s u p p o r t  s y s t e m  i s  
t h e  o n l y  p r a c t i c a l  s o l u t i o n .  U n t i l  t h e  l a t t e r  i s  shown t o  be  
t h e  c a s e ,  which i s  d e f i n i t e l y  n o t  e x p e c t e d ,  i t  would b e  an 
e r r o r  t o  change t h e  p r e s e n t  b a s e l i n e  o f  u m b i l i c a l  EVA w i t h  t he  
P C U .  

OTHER OPTIONS FOR ATM-EVA 

Drag-Through U m b i l i c a l  

The s u g g e s t i o n  t ha t  u m b i l i c a l s  f rom a n o t h e r  module be 
p u l l e d  t h r o u g h  t h e  LM-A c a b i n  t o  t h e  EVA a s t r o n a u t s  has been  
made. T h i s  might  s a v e  some of t h e  two-mi l l i on  d o l l a r  c o s t  of  
t h e  LM-A u m b i l i c a l  s u p p o r t  s y s t e m s .  

I n  a c o u p l e d  ATM m i s s i o n ,  u m b i l i c a l s  c o u l d  be  connec ted  
t o  t h e  AM s u p p o r t  sys t ems .  However, t h e  c a p a b i l i t y  o f  t h e  pumps 
i n  t h e  AM LCG l o o p s  might  have t o  b e  i n c r e a s e d  t o  m a i n t a i n  
s a t i s f a c t o r y  water f low r a t e s  t h r o u g h  t h e  l o n g e r  u m b i l i c a l .  A s  
t h e  MDA and t h e  fo rward  AM compartment would become p a r t  o f  
t h e  a i r l o c k  t h a t  must b e  r e p r e s s u r i z e d  a f t e r  each  EVA, t h e  t o t a l  
m i s s i o n  oxygen r e q u i r e m e n t s  exceed t h e  t o t a l  s towage c a p a c i t y  o f  
t h e  SM c r y o  t a n k s .  T h i s  oxygen d e f i c i t  c o u l d  r e s u l t  i n  a d e c r e a s e  

s u p p o r t  sys t ems  w i l l  have p r e v i o u s l y  been  used  i n  28 and 56 day  
m i s s i o n s  and s u b j e c t e d  t o  two p e r i o d s  of s p a c e  s t o r a g e  p r i o r  t o  
t h e  coup led  ATM m i s s i o n .  It i s  p r e f e r a b l e  from a r e l i a b i l i t y  
s t a n d p o i n t  t o  u s e  a lmos t  i d e n t i c a l ,  b u t  new s y s t e m s ,  p a r t i c u l a r l y  
s i n c e  EVA o p e r a t i o n s  are  e s s e n t i a l  f o r  a s u c c e s s f u l  ATM m i s s i o n .  
C a p a b i l i t y  to u s e  t h e  AM systems as a backup s h o u l d  b e  r e t a i n e d ,  
b u t  i n  t h i s  c a s e  egress and i n g r e s s  s h o u l d  b e  t h r o u g h  t h e  A i r l o c k  
h a t c h  r a t h e r  t h a n  th rough  t h e  LM. 

i n  +L,-. -i--=-~ C L  A,.., a r rnr ,+ ihm -P th- m i c e - . i h v r  
1 1 1  b i i c  p i a i i i i c u  ju uay U u I a b L u i i  uI u i i L  i i i ~ u o ~ u i i .  The AX u m b i l i C a l  
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Decoupled ATM mis s ion  c a p a b i l i t y  i s  a Program r e q u i r e -  
ment,  and t h e  AM sys t ems  w i l l  n o t  be a v a i l a b l e  i n  t h i s  m i s s i o n .  
I f  EVA u m b i l i c a l  s u p p o r t  sys tems a r e  n o t  i n  t h e  LM-A, t h e y  must 
b e  i n  t h e  CM, and t h e  CM would become p a r t  o f  t h e  a i r l o c k  t h a t  
i s  d e p r e s s u r i z e d  b e f o r e  EVA and r e p r e s s u r i z e d  a f t e r  EVA. A l l  
t h r e e  men must t h e r e f o r e  spend t h e  e n t i r e  EVA t ime i n  p r e s s u r i z e d  
s u i t s .  T h i s  does n o t  n e c e s s a r i l y  mean t h a t  oxygen use  d u r i n g  
EVA would i n c r e a s e  by 5 0 % ,  because t h e  man i n  t h e  CM can  use  t h e  
c l o s e d - l o o p  ECS s u i t  c i r c u i t ,  which p r o v i d e s  s u f f i c i e n t  v e n t i l a -  
t i o n  c o o l i n g  i n  view o f  h i s  low m e t a b o l i c  r a t e .  The a d d i t i o n a l  
oxygen r e q u i r e m e n t  f o r  C M  r e p r e s s u r i z a t i o n  i s  n o t  a problem i n  
t h e  decoupled  m i s s i o n ,  because  t h e  t o t a l  r e q u i r e m e n t s  a r e  much 
l e s s  t h a n  t h o s e  o f  t h e  coupled m i s s i o n  f o r  which t h e  c r y o  t a n k s  
are s i z e d .  

To s u p p o r t  two u m b i l i c a l  EVA a s t r o n a u t s  from t h e  C M ,  
t h e  oxygen d e l i v e r y  c a p a b i l i t y  of  t h e  CM I V A  s t a t i o n  would have  
t o  b e  more t h a n  doub led ,  and a gaseous  oxygen accumula to r  added .  
The a c c u m u l a t o r  must have  t h e  same c a p a c i t y  as t h e  s y s t e m  now 
b a s e l i n e d  f o r  t h e  LM-A, as t h e  r e q u i r e m e n t s  are i d e n t i c a l .  Two 
l i q u i d  c o o l i n g  garment  s u p p o r t  l o o p s  would have to be  added .  N e w  
l i q u i d - t o - l i q u i d  h e a t  exchangers  c o u l d  t r a n s f e r  L C G  h e a t  d i r e c t l y  
t o  t h e  CM-SM ECS r a d i a t o r  loop .  The h e a t  r e j e c t i o n  c a p a b i l i t y  
o f  t h e  e x i s t i n g  r a d i a t o r s  shou ld  b e  s u f f i c i e n t  d u r i n g  t h e  EVA 
p e r i o d ,  because  h e a t  from t h e  ECS l o o p  i s  used  t o  w a r m  t h e  h i g h  
f low o f  oxygen from t h e  SM c ryogen ic  t a n k s .  P r e s e n t l y ,  e l e c t r i c a l  
h e a t e r s  i n  t h e  ECS l o o p  must b e  i n  o p e r a t i o n  d u r i n g  h i g h  oxygen 
flow c o n d i t i o n s  t o  p r e v e n t  t h e  c o o l a n t  f rom f r e e z i n g .  Coup l ing  
t h e  LCG l o o p s  t o  t h e  CM-SM r a d i a t o r  l o o p  c o u l d  t h u s  s a v e  some 
e l e c t r i c a l  power d u r i n g  EVA. Use of  a CM sys t em d u r i n g  a coup led  
m i s s i o n  would add t o  t h e  oxygen d e f i c i t ,  as t h e  CM,  MDA, and 
LM-A would a l l  b e  p a r t  o f  t h e  a i r l o c k  t h a t  would have t o  be  
r e p r e s s u r i z e d  a f t e r  each  EVA. It  seems d o u b t f u l  t h a t  CM mods re- 
q u i r e d  t o  s u p p o r t  u m b i l i c a l  EVA would c o s t  a p p r e c i a b l y  l e s s  t h a n  
t h e  LM-A sys t ems  now b a s e l i n e d .  

U m b i l i c a l  s u p p o r t  by  LM-A sys t ems  w i l l  minimize o p e r a -  
t i o n a l  r e q u i r e m e n t s ,  p e r m i t  a common CM ECS c o n f i g u r a t i o n  f o r  
211 PUP r n i s s i s n s ,  and avoic! an exyger, deficit i n  t h e  c c u p l e d  ATM 
m i s s i o n .  The re  s h o u l d  n o t  b e  a s i g n i f i c a n t  c o s t  d i f f e r e n c e  
be tween i n t e g r a t i n g  t h e s e  sys tems i n  t h e  LM-A or i n  t h e  C M .  It 
i s  t h e r e f o r e  recommended t h a t  t h e  p r e s e n t  b a s e l i n e  b e  r e t a i n e d ,  
and t h a t  t h e  d rag - th rough  u m b i l i c a l  concep t  n o t  b e  f u i ? t h e r  p u r s u e d .  

P o r t a b l e  Env i ronmen ta l  C o n t r o l  System 

Only two p o r t a b l e  l i f e  s u p p o r t  s y s t e m s ,  t h e  PCU and 
t h e  PLSS, have been  c o n s i d e r e d  i n  t h e  t r a d e - o f f  f o r  ATM EVA. 
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The PCU i s  a s i m p l e ,  open-loop s y s t e m  s u p p o r t e d  b y  an u m b i l i c a l  
f rom t h e  s p a c e c r a f t  t h a t  must b e  d e v e l o p e d  f o r  e a r l i e r  AAP 
m i s s i o n s .  The PLSS i s  an  e x i s t i n g  A p o l l o  s e l f - c o n t a i n e d ,  c l o s e d -  
l o o p  s y s t e m ,  which must b e  m o d i f i e d  i f  u sed  for t h e  ATM E V A ' S .  
The n e x t  g e n e r a t i o n  o f  t h e  p o r t a b l e  s y s t e m s  i s  t h e  P o r t a b l e  
Znv i ronmen ta l  C o n t r o l  System (PECS). I t  h a s  n o t  been  c o n s i d e r e d  
b e c a u s e  of t h e  g r e a t e r  c o s t  o f  b o t h  t h e  s y s t e m  and  t h e  s p a c e c r a f t  
mods r e q u i r e d  t o  s u p p o r t  it. 

u m b i l i c a l .  I t s  s e l f - c o n t a i n e d  m e t a b o l i c  c a p a c i t y  i s  8000 BTU, 
s u f f i c i e n t  f o r  a n  ATM EVA w i t h  no u m b i l i c a l .  A w a t e r  e v a p o r a t o r  
i s  t h e  pr ime h e a t  r e j e c t i o n  s o u r c e ,  and i s  l i n k e d  t o  b o t h  t h e  LCG 
water  l o o p  and t h e  c losed - loop  oxygen v e n t i l a t i o n  l o o p .  I f  a water 
u m b i l i c a l  i s  u s e d ,  as i t  would have  t o  b e  f o r  I V A ,  a l i q u i d - t o -  
l i q u i d  h e a t  e x c h a n g e r  r e p l a c e s  t h e  e v a p o r a t o r  as t h e  h e a t  r e j e c t i o n  
s o u r c e .  Oxygen i s  s u p p l i e d  b y  a s e l f - c o n t a i n e d ,  7500 p s i a  s u p p l y ,  
or by a n  u m b i l i c a l .  A bypass  v a l v e  i n  t h e  oxygen s u p p l y  l i n e  and  
a p r e s s u r e  r e l i e f  v a l v e  i n  t h e  oxygen r e t u r n  l i n e  p e r m i t  open-loop 
v e n t i l a t i o n .  A b a t t e r y  i s  p r o v i d e d  f o r  power,  and a t r a n s c e i v e r  
f o r  communicat ions and  b i o m e d i c a l  da ta ,  a l t h o u g h  t h e s e  f u n c t i o n s  
can  a l s o  b e  pe r fo rmed  th rough  an  u m b i l i c a l .  

The PECS can  be  o p e r a t e d  e i t h e r  w i t h  or w i t h o u t  a n  

The PECS i s  u n d e r  development  a t  t h e  AiResearch  D i v i s i o n  
of  t h e  Garret t  C o r p o r a t i o n  unde r  OART c o n t r a c t .  The end- i t em 
o f  t h e  o r i g i n a l  c o n t r a c t  was a p r o t o t y p e  u n i t .  A A P  h a s  a g r e e d  
t o  supp lemen t  t h e  f u n d i n g  t o  p r o v i d e  a u n i t  t h a t  can  b e  f l i g h t  
q u a l i f i e d .  If t h e  u m b i l i c a l  management p rob lem d u r i n g  ATM EVA 
p r o v e s  s c  s e v e r e  t h a t  a s e l f - c o n t a i n e d  s y s t e m  i s  r e q u i r e d ,  t h e  
s t a t u s  o f  t h e  PECS s h o u l d  be  r ev iewed  f o r  i t s  p o s s i b l e  a p p l i c a t i o n .  
A s  t h e  PECS can  b e  u s e d  f o r  I V A  as w e l l  as EVA, t h e  t o t a l  p o r t a b l e  
s y s t e m  w e i g h t  and volume on AAP-3/AAP-4 would b e  l e s s  t h a n  f o r  
b o t h  P C U ' s  and  m o d i f i e d  PLSS's. Al though t h e  t o t a l  c o s t  t o  A A P  
would  b e  h i g h e r ,  t o t a l  c o s t  t o  t h e  Agency, c o n s i d e r i n g  f u t u r e  
programs where t h e  PECS w i l l  f i n d  a p p l i c a t i o n ,  w i l l  b e  l e s s ;  t h e r e  
wou ld  b e  no r e q u i r e m e n t  t o  modify and  r e q u a l i f y  t h e  PLSS. 

SUMMARY A N D  RECOMMENDATIONS 

The P r e s s u r e  C o n t r o l  Un i t  p r e s e n t l y  b a s e l i n e d  f o r  all 
A A P  EVA and  s u i t e d  EVA, w i t h  s u p p o r t  by  an  u m b i l i c a l  and  a backup 
EVA oxygen s u p p l y ,  has b e e n  found t o  b e  t h e  optimum s y s t e m  c o n s i d -  
e r i n g  a l l  f a c t o r s .  The r educed  c o s t  o f  a common s y s t e m  t h a t  
meets a l l  r e q u i r e m e n t s ,  t h e  minimum o p e r a t i o n a l  c o m p l e x i t y ,  t h e  
l e a s t  t o t a l  s towage  r e q u i r e m e n t s ,  and t h e  e l i m i n a t i o n  o f  s y s t e m  
r e c h a r g e  r e q u i r e m e n t s  a l l  c o n t r i b u t e  t o  t h i s  c o n c l u s i o n .  The 
o n l y  u n r e s o l v e d  problem i s  t h a t  o f  u m b i l i c a l  management d u r i n g  
ATM EVA f rom t h e  LM-A. To r e s o l v e  t h i s  p rob lem,  da t a  from t h e  
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n e u t r a l  bouYancY t e s t  Program are  r e q u i r e d ,  and i t  i s  recommended 
t h a t  t h e s e  t e s t s  be i n i t i a t e d  a t  MSFC. I f  t h e s e  t e s t s  d e m o n s t r a t e  
t h a t  t h e  problem i s  s o  s e v e r e  t h a t  a s e l f - c o n t a i n e d  sys t em i s  
r e q u i r e d ,  t h e  a p p l i c a t i o n  o f  t h e  PECS r a the r  t h a n  a m o d i f i e d  PLSS 
s h o u l d  be c o n s i d e r e d .  

The drag- through u m b i l i c a l  concept  i s  n o t  a t t r a c t i v e ,  
c o n s i d e r i n g  r e q u i r e m e n t s  for s u p p o r t  o f  b o t h  coup led  and decoup led  
ATM m i s s i o n s ,  and i t  i s  recommended t h a t  i t  n o t  b e  p u r s u e d .  
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